We report the discovery and confirmation of Kepler-7b, a transiting planet with unusually low density. The mass is less than half that of Jupiter, M P = 0.43 M J , but the radius is fifty percent larger, R P = 1.48 R J . The resulting density, ρ P = 0.17 g cm −3 , is the second lowest reported so far for an extrasolar planet. The orbital period is fairly long, P = 4.886 days, and the host star is not much hotter than the Sun, T eff = 6000 K. However, it is more massive and considerably larger than the sun, M ⋆ = 1.35 M ⊙ and R ⋆ = 1.84 R ⊙ , and must be near the end of its life on the Main Sequence.
INTRODUCTION
The final test of the Kepler photometer at the end of commissioning was a run of 9.7 continuous days in science mode, to evaluate the noise performance of the instrument.
The Kepler Input Catalog (KIC) was used to select fifty thousand isolated targets, all with magnitudes brighter than 13.8 in the Kepler passband, and with no nearby companions that would contaminate the photometry. The preliminary light curves from this test run were inspected by team members with great excitement, and a few dozen obvious planet candidates were quickly identified and passed on to the team responsible for ground-based follow-up observations. Kepler-7 was observed but was not identified among the sample of initial candidates.
After a gap of 1.3 days, normal science observations began for a full list of more than 150,000 planet-search targets and continued for 33.5 days until interrupted on 15 June 2009, followed by a data download and roll of the spacecraft to the summer orientation. By the middle of July the preliminary light curves were available for inspection, and dozens of additional candidates were identified and passed on to the follow-up team. This time Kepler-7 was included. Along with the other candidates, Kepler-7 was scrutinized for evidence of astrophysical false positives involving eclipsing binaries. It survived this stage of the follow up and was then observed spectroscopically for very precise radial velocities using the FIber-fed Echelle Spectrograph (FIES) on the Nordic Optical Telescope (NOT) during a ten night run in early October. These observations yielded a spectroscopic orbit that confirmed that an unseen companion with a planetary mass was responsible for the dips in the light curve observed by Kepler.
The KIC used ground-based multi-band photometry to assign an effective temperature and surface gravity of T eff = 5944 K and log g = 4.27 (cgs) to Kepler-7, corresponding to a late F or early G dwarf. Stellar gravities in this part of the H-R Diagram are notoriously difficult to determine from photometry alone, and one of the conclusions of this paper is that the star is near the end of its Main Sequence lifetime, with a radius that has expanded to R ⋆ = 1.843 +0.048 −0.066 R ⊙ and a surface gravity that has weakened to log g = 4.030 +0.018 −0.019 (cgs). In turn this implies an inflated radius for the planet, resulting in an unusually low density of ρ P = 0.17 g cm −3 . This conclusion is hard to avoid, because the relatively long duration of the transit, more than 5 hours from first to last contact, demands a low density and expanded radius for the star. (Koch et al. 2010 ) to this time series of long cadence data (29.4-minute accumulations). There is no evidence for any systematic difference between alternating events, which are plotted with + and × symbols, supporting the interpretation that all the events are primary transits. Indeed, there is weak evidence for a secondary eclipse centered at phase 0.5, as would be expected for a circular orbit, but the significance is only about 2.4σ. If this detection is real, it is not inconsistent with the thermal emission expected from the planet for reasonable assumptions (Koch et al. 2010 ).
KEPLER PHOTOMETRY

FOLLOW-UP OBSERVATIONS
As described in more detail by Gautier et al. (2010) , the initial follow-up observations of Kepler planet candidates involved reconnaissance spectroscopy to look for evidence of a stellar companion or a nearby eclipsing binary responsible for the observed transits.
However, the follow-up team soon learned that the astrometry derived from the Kepler images themselves, when combined with high-resolution images of the target neighborhood, could provide a very powerful tool for identifying background eclipsing binaries blended with and contaminating the target images (Batalha et al. 2010; Monet et al. 2010 Table 2 .
FIES SPECTROSCOPY
The FIbre-fed Echelle Spectrograph (FIES) on the 2.5-m Nordic Optical Telescope (NOT) at La Palma, was not originally designed with very precise radial velocities in mind.
In particular, the fiber feed does not incorporate a scrambler, there is no attempt to control the atmospheric pressure (e.g. by housing the optics in a vacuum enclosure), and there is no correction of the images for atmospheric dispersion. However, the spectrograph does reside in its own well-insulated room with active control of the temperature to a few hundreths K, with the result that the optics are quite stable. Furthermore, FIES has good throughput, partly because the seeing is often excellent at the NOT site, and an automatic guider keeps the image well centered on a fiber 1.3 ′′ in diameter. These advantages encouraged us to develop specialized observing procedures and a new data reduction pipeline with the goal of measuring radial velocities to better than 10 m s −1 for the relatively faint planet candidates identified by Kepler.
To establish a wavelength calibration that tracks slow drifts during a long exposure, we adopted the strategy of obtaining strong exposures of a Thorium-Argon hollow cathode lamp through the science fiber immediately before and after each science exposure. Long We fit a circular orbit to the 9 velocities reported in Table 1 , adopting the photometric ephemeris, which leaves the orbital semi-amplitude, K, and center-of-mass velocity, γ, as the only free parameters. A plot of this orbital solution is shown in Figure 2 , together with the velocity residuals and the line bisector variations. There is no evidence of a correlation between the velocities and the bisectors, which supports the interpretation that the velocity variations are due to a planetary companion. The orbital parameters are listed in Table 2 .
Allowing the eccentricity to be a free parameter reduced the velocity residuals by only a small amount and yielded an eccentricity that was not significantly different from circular.
A solution for a circular orbit using the velocities uncorrected for the drifts exhibited by the standard star gave similar velocity residuals, but a smaller value of K by 7.6 m s −1 , corresponding to an 18% smaller mass.
The combined template spectrum for Kepler-7 from FIES was analyzed by A. Sozzetti using MOOG 2 , to provide the stellar parameters needed to estimate the mass and radius of the host star using stellar evolution tracks. The critical input parameters to the models are T eff and [Fe/H], but the spectroscopic log g is also of interest for a consistency check.
A spectrum of Kepler-7 obtained by H. Isaacson and G. Marcy with HIRES on Keck 1 was analyzed by D. Fischer using SME (Valenti & Piskunov 1996) , with very similar results: T eff = 5933 ± 44 vs. 6000 ± 75 K, [Fe/H] = +0.11 ± 0.03 vs. +0.13 ± 0.07, and log g = 3.98 ± 0.10 vs. 4.00 ± 0.10 (cgs), for SME and MOOG, respectively. For the results reported in Table 2 , we used the SME values. The mean absolute velocity of Kepler-7, +0.40 ± 0.10 km s −1 , was determined from the FIES observations by adopting −21.508 km s −1 as the velocity for the standard star HD 182488.
DISCUSSION
The analysis of the Kepler photometry and the determination of the stellar and planetary parameters for Kepler-7 followed exactly the procedures reported in Koch et al.
(2010) and Borucki et al. (2010) . The results are reported in Table 2 . These results were checked and confirmed by independent analyses carried out by C. Burke and G. Torres.
The Kepler-7 host star is not much hotter than the Sun, T eff = 6000 ± 75 K. However, it is more massive and considerably larger than the sun, M ⋆ = 1.347
+0.072
−0.054 M ⊙ and R ⋆ = 1.843 +0.048 −0.066 R ⊙ , which puts it in a region of the H-R Diagram near the end of its Main Sequence lifetime. Indeed, the Yale-Yonsei evolutionary tracks have hooks that cross at the position of Kepler-7, and the probability distribution for the stellar mass has two peaks. The stronger peak is for an evolutionary state not long before Hydrogen burning in the core is exhausted with M ⋆ = 1.362 ± 0.040 M ⊙ and R ⋆ = 1.857 ± 0.047 R ⊙ , while the weaker peak corresponds to a state soon after the star starts to evolve rapidly, with M ⋆ = 1.204 ± 0.035 M ⊙ and R ⋆ = 1.781 ± 0.042 R ⊙ . The mass for the evolved peak is 12% smaller, and the radius is 4% smaller (as it must be to yield the same stellar density). The corresponding planetary radius is also 4% smaller, while the planetary mass is 8% smaller (because of the dependence on the 2/3 power of the system mass). As our best guess for the mass and radius of the host star and for the mass, radius, and density of the planet, in Table 2 we report the mode and errors for the corresponding probability distributions. This takes into account all the possible evolutionary states for the host star that are consistent with the observations. The planetary radius is fifty percent larger than that of Jupiter, R P = 1.478 However, the systematic error in the mass on the high side is unlikely to be this large, because a larger orbital amplitude is less vulnerable to systematic velocity errors. For the planetary radius, it is hard to avoid the conclusion that the planet is strongly inflated, because the relatively long duration of the transit demands a low density and expanded radius for the star. A robust measure of the transit duration is the time between the moment when the center of the planet crosses the limb of the star during ingress and the corresponding moment during egress. A general formula for this duration including the effect of orbital eccentricity is given by Pál et al. (2010) , leading to a value of 4.63 ± 0.06 hours for Kepler-7. We conclude that future observational refinements to the characteristics of Kepler-7b are more likely to decrease the density than increase it, with a significant uncertainty remaining as long as the evolutionary state of the host star is uncertain.
Many people have contributed to the success of the Kepler Mission, and it is impossible to acknowledge them all by name. We offer our special thanks to the team of Kepler-7 has an unusually low density.
